Objective: To determine the effect of seated exercise on impairment, activity and participation levels of older adults living with a health condition or impairment. Methods: A systematic search of health databases combined concepts of seated exercise and controlled trials. Selected trials were appraised for quality and results synthesised by calculating standardised mean differences (SMD) and conducting meta-analyses where appropriate. Results: Fourteen randomised controlled trials met inclusion criteria. Compared to usual care or social activities, seated exercise had a large positive effect on cognition (SMD 1.20, 95% confidence interval 0.25, 2.16) with smaller effects on strength, spinal flexion, activity, depression and quality of life. There was no effect on balance or mobility. There were no positive effects when seated exercise was compared to weight-bearing and functional exercise. Conclusion: Seated exercise has a positive effect on cognition and is also of some benefit for older adults who are unable to exercise in upright positions.
Introduction
Physical inactivity in older adults is associated with increased all-cause mortality risk, decreased bone health, less healthy body mass and composition, reduced function, increased risk of falling and decreased cognitive function [1, 2] . Compared to being inactive, just 15 minutes of daily exercise, as a structured form of physical activity, can increase life expectancy by three years and reduce the risk of all-cause mortality by 14% [3] [4] [5] . Keeping active can be challenging for older adults living with a health condition: their mobility may be impacted by pain or physical impairments such as limited endurance, muscle weakness, decreased motor control or balance. International guidelines recommend older adults limited by health conditions be as physically active as possible within the limits of their condition [2, 6] .
Seated exercise programs enable older adults with impaired mobility or balance to engage safely in exercise. There have been significant investments in seated exercise programs conducted in a range of settings including home, hospital, day centres and residential care facilities, yet their effectiveness is unclear. In older adults deemed frail based on living with a health condition or impairment or due to living in residential care, exercise interventions have been shown to be feasible and to positively impact health outcomes [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Mixed results have been reported in some systematic reviews [18, 19] . In a further review [20] and a number of recent trials [21] [22] [23] , little or no effect was demonstrated, particularly in people with dementia. A number of these reviews included seated exercise programs [8] [9] [10] [11] 18] , but the effect of seated exercise alone was not evaluated.
One systematic review focused specifically on chair-based exercise for frail, older adults [24] . Its limited search strategy resulted in only six trials being reviewed, with the most recent publication in 2005. The review was not limited to controlled trials, and meta-analysis was not conducted due to heterogeneity of outcome measures. The results from controlled trials suggested that chair-based exercise improves cognition and strength, but results regarding activity measures were mixed. However, the findings were deemed inconclusive due to the low quality of evidence. Further, in two trials the exercise intervention included functional exercise such as walking which limited clarification of the effect of seated exercise alone.
The aim of this systematic review was to determine the effect of seated exercise on impairment, activity and participation levels of older adults living with a health condition or impairment.
Methods Design
This systematic review was registered prospectively with the Prospero International Prospective Register of Systematic Reviews (Registration Number CRD42017074763) and has been reported consistent with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [25] .
Search strategy
The electronic databases MEDLINE, PsycINFO, CINAHL, EMBASE and AMED were searched from earliest available date until 21st September 2017. Intervention was defined as seated exercise, and synonyms for 'seated' and 'exercise' were searched with a proximity operator of 7. Study design was defined as randomised controlled trials or controlled trials. For each concept, synonyms and MeSH terms were combined with the 'OR' operator. The two concepts of intervention and study design were then combined with the 'AND' operator (Appendix S1, Supporting information). There was no restriction by language.
All articles were imported into bibliographic software and screened for duplicates. Two reviewers independently screened the title and abstract of each article by applying predetermined eligibility criteria. Any disagreements were resolved by discussion. Full-text copies of remaining trials were retrieved and inclusion criteria reapplied by the same reviewers. Differences were discussed and resolved by consensus. Cohen's kappa (j) was calculated to assess the extent of agreement between reviewers. A j value of 0.41-0.60 indicated moderate agreement, 0.61-0.80 good agreement and 0.81-1.0 excellent agreement [26] . Reference lists of included trials were manually checked and citation tracking applied using Google Scholar to identify further trials for consideration for inclusion.
Eligibility criteria
Trials were ineligible if the intervention, other than warmup or cool-down, included exercises that were not performed seated. As exercise bikes and recumbent seating were not considered comparable to other forms of seating such as wheelchairs and dining chairs, trials utilising this equipment were ineligible. Trials with only non-patient outcomes such as carer outcomes or clinician perceptions were also excluded ( Table 1) .
Data collection process A customised form was devised to extract data: trial design; population characteristics and care setting; description of interventions and comparisons using the template for intervention description and replication (TIDieR) checklist [28] ; outcomes; and outcome measures and analysis. Subcategories for items 3, 6 and 8 of the TIDieR checklist were used to rate reporting of interventions [29] . Data extraction was conducted by one researcher and checked by a second researcher. If required, authors were contacted for further information.
Synthesis of results and summary measures
For continuous outcomes, standardised mean differences (SMD) and 95% confidence intervals (CI) were calculated from postintervention means and standard deviations [30] , and for dichotomous outcomes, risk ratios were calculated. Where means and standard deviations were not reported, data were estimated according to recommendations [31] . If two or more trials were clinically homogenous for population, intervention, comparison and outcome measures, meta-analysis was conducted. Pooled analyses with random effects models to calculate SMD and 95% CI were estimated using ReviewManager, version 5.3 [32] . Positive Methodological quality Methodological quality of included trials was independently assessed by two reviewers using the Physiotherapy Evidence Database (PEDro) scale, a validated tool for randomised controlled trials [34] . The PEDro scale has demonstrated moderate inter-rater reliability for clinical trials (intraclass correlation coefficient = 0.68, 95% CI 0.57, 0.76) with a score of 6 or more out of 10 indicating high methodological quality [35] . Discrepancies were resolved via discussion. Agreement between assessors was calculated using Cohen's kappa. The quality of evidence of each meta-analysis was assessed using the Grades of Research, Assessment, Development and Evaluation (GRADE) approach [36] . Evidence was downgraded based on the following criteria: (i) the average PEDro score was <6 for studies included in the meta-analysis; (ii) there was greater than low levels of statistical heterogeneity between trials (I 2 > 25%); (iii) the results included indirect comparisons between interventions or outcomes; and (iv) the results lacked precision (large CI, defined as >0.8 for SMD).
Results
Flow of studies through the review The search yielded 2046 trials after removing duplicates. By applying eligibility criteria to title and abstract, 2000 trials were excluded (j = 0.60, 95% CI 0.48, 0.72). Fortysix trials were retrieved for full-text review. Fifteen articles fulfilled the inclusion criteria with moderate inter-rater agreement (j = 0.57, 95% CI 0.32, 0.80). Two articles described the same trial but reported different outcomes. Due to variation in reporting, assessment of methodological quality and compliance with description of interventions was completed for each. The final yield was 15 articles, reporting the results of 14 trials (Figure 1 ).
Methodological quality
Nine trials were rated as high quality. Across all trials, the average PEDro score was 6/10, ranging from 4 to 8 (Table 2 ). There was excellent inter-rater agreement (j = 0.88, 95% CI 0.80, 0.96). Most trials specified eligibility criteria and adhered to the quality criteria of random allocation, between-group comparisons and measures of variability for at least one key outcome. Nine trials used blinded assessors [37] [38] [39] [40] [41] [42] [43] [44] [45] , but due to the nature of the interventions, no trial was able to blind participants or therapists. Six used concealed allocation [38] [39] [40] [41] 43, 46] and there was baseline comparability in eleven trials [37, [39] [40] [41] [43] [44] [45] [46] [47] [48] [49] . Nine obtained at least one key outcome for more than 85% of participants [38] [39] [40] 43, 44, [46] [47] [48] 50] , and in six trials, data analysis used intention-to-treat principles [38, 40, 44, [46] [47] [48] .
Compliance with reporting of interventions There was greater compliance with reporting for the intervention versus comparison groups. Of 17 reporting criteria, five achieved compliance in 100% of trials with eight over 90%. For the comparison groups, one achieved compliance over 90% with three over 80%. Poorly reported items included informational materials provided (item 3b), qualification and training of the intervention provider (item 5), and how interventions were tailored (item 9), modified (item 10) and monitored (item 11). Only 50% of trials described the components of the exercise program in sufficient detail to allow replication of the intervention (item 4). The authors of one trial provided more detail about the intervention on request. Reporting of the number of sessions, frequency and duration (items 8a-c) ranged from 60 to 100% and dosage (item 8d) was 50% or less ( Figure S1 , Supporting information). There was excellent inter-rater agreement for both the intervention (j = 0.81, 95% CI 0.74, 0.88)) and comparison groups (j = 0.87, 95% CI 0.63, 1.0).
Participants Across 14 trials, there were 921 participants with a mean age of 81 years, of whom approximately 77% were women. Almost half the participants were categorised as frail, older adults, 44% were recent hospital inpatients, 6% were specifically described as having dementia, and 3% had undergone hip surgery within the previous two weeks. Sample sizes were generally small, with just two of the 14 trials [39, 46] accounting for almost half the overall sample size ( Table 2) .
Interventions
The majority of trials were conducted in residential care facilities or day care centres (n = 10). Remaining trials were either home (n = 2) or hospital-based (n = 2). In 12 trials, the exercise program was group-based with supervisor:participant ratios ranging from 1:3 to 1:36 [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . The most common intervention was progressive resistance training which was compared to usual care or social activities in three trials [38, 39, 45] , and to balance and progressive resistance exercise in weight-bearing positions in a fourth trial [46] . The intervention in two of these trials was predominantly home-based and unsupervised [39, 46] . Three trials compared range of motion and non-progressive strengthening exercises to a reminiscence group or social activities [41, 49, 50] , while a fourth trial compared this intervention to standing balance exercises and progressive resistance exercise in sitting and standing [37] . Dancebased therapy was compared to usual care or daily conversation in two trials [42, 44] and to modified Tai Chi and yoga in a third trial [43] . Seated Tai Chi was compared to usual care in one trial reported in two articles [47, 48] and to seated range of motion exercises [40] . One trial compared range of motion exercises to a program that included walking, range of motion, balance and progressive resistance exercise [51] . The seated exercise intervention was individualised in four trials, self-paced in two trials and progressed as a group in two trials. In the comparison groups, progression was individualised in four trials and self-paced in one trial. The intervention was not progressed in three trials and progression was not reported for the intervention in four trials and the comparison group in one trial ( Table 2) .
Dosage
Duration of interventions ranged from six weeks to seven months, with most spanning twelve weeks. Frequency of sessions varied from once per week to daily, totalling 14-84 sessions. The majority of sessions were of 45 minutes duration, ranging from 30 to 60 minutes (Table 2) . Exercise intensity was reported for the intervention in five trials [37, 39, 42, 45, 46] , for the comparison group in one trial [46] and was not applicable for the comparison group in ten trials. The intensity of the intervention was low in most trials comparing seated exercise to usual care or social activity [41, 44, 48, 50] , low-moderate in one trial [38] and moderate in three trials [42, 45, 46] . One trial aimed for high intensity, but only 25% of participants achieved this being limited by pain and musculoskeletal injuries [38] . In most trials comparing seated exercise to alternate exercise, the intervention was low intensity, while comparison programs ranged from low to moderate intensity [37, 40, 43, 51] . In a further trial, both the intervention and comparison programs were of moderate intensity [46] .
Seated exercise versus usual care or social activity
Ten trials compared seated exercise to usual care or social activity. The authors of one trial were contacted to confirm data but did not respond.
Meta-analysis of four trials [38, 41, 44, 45] with a total of 141 participants provided low-quality evidence that seated exercise compared to usual care or social activity had a large positive effect on cognition (SMD 1.20, 95% CI 0.25, 2.16) (Figure 2) . A sensitivity analysis was completed excluding Venturelli et al.'s trial [45] due to the large effect size (SMD 3.0, 95% CI 1.96, 4.04). This resulted in a smaller positive effect and a significant reduction in heterogeneity (SMD 0.63, 95% CI 0.24, 1.01, I 2 = 0%). Metaanalysis of three trials [38, 46, 50] with a total of 158 participants provided moderate-quality evidence that seated exercise compared to social activities did not have a significant effect on balance (SMD 0.13, 95% CI À0.19, 0.44) (Figure 2 ). Meta-analysis of two trials [38, 50] with a total of 45 participants provided low-quality evidence that seated exercise compared to social activities did not improve activity (mobility as assessed by timed up and go test (TUGT), SMD 0.28, 95% CI À1.08, 1.63) (Figure 2 ).
Progressive resistance exercise
Four trials compared seated progressive resistance exercise to usual care or social activities. Three trials were of high quality [38, 39, 46] . A statistically significant improvement in activity (as assessed by TUGT) was demonstrated in one trial [38] , but there were no other significant effects on impairment or activity [38, 46] . One trial did not report data immediately postintervention, but three months postintervention there was no significant effect on outcomes [39] . In one lower quality trial [45] , a statistically significant difference in activity and strength favouring seated exercise was demonstrated (Figure 3 ).
Tai Chi
One high-quality trial compared seated Tai Chi to social activity [48] demonstrating statistically significant improvement in depression and health-related quality of life favouring Tai Chi (Figure 3 ).
General exercise
One high-quality [41] and two low-quality trials [49, 50] compared seated exercise to social activity. A statistically significant improvement in impairment (cognition as assessed by mini-mental state examination (MMSE), spinal flexion range of motion, quadriceps muscle strength) was shown in one high-and one low-quality trial. One trial [50] demonstrated no significant effect on activity ( Figure 3 ).
Dance-based therapy
Two trials compared seated dance-based therapy to usual care or social activity. One high-quality trial [44] demonstrated statistically significant improvement in impairment (physical and mental behaviour as assessed by the Beoordelingsschaal voor Oudere Pati€ enten scale, cognition as assessed by MMSE). One low-quality trial [42] demonstrated no significant difference in impairment and activity measures ( Figure 3 ).
Seated exercise versus alternate exercise
Five trials compared seated exercise to alternate exercise programs. Meta-analysis of five trials [37, 40, 43, 46, 51] with a total of 273 participants provided low-quality evidence that there was no effect on balance (SMD-0. 1.1) , balance, as assessed by the Berg balance scale (2.1.2), and activity, as assessed by the timed up and go test (2.1.3) Note: (2.1.1) The evidence was downgraded due to the high heterogeneity of the trials (I 2 = 83%) and the large confidence interval. (2.1.
2) The evidence was downgraded due to the indirectness of the comparison of interventions and outcome measures. (2.1.3) The evidence was downgraded due to the high heterogeneity of the trials (I 2 = 79%) and the large confidence interval. Figure 3 : Standardised mean differences (95% CI) of seated exercise versus usual care or social activity (a) and seated exercise versus alternate exercise (b).
Progressive resistance exercise
One high-quality trial compared seated progressive resistance exercise to balance and progressive resistance exercises in weight-bearing positions [46] . There was statistically significant improvement in favour of the comparison group for balance but not for physical activity (Figure 3 ).
Tai Chi
A high-quality trial comparing seated Tai Chi to general seated exercises [40] demonstrated statistically significant improvement in favour of the Tai Chi group in one balance measure (side weight shift) but not in functional reach (Figure 3 ).
General exercise
One low-quality trial compared seated upper limb strengthening and upper and lower limb range of motion exercises to standing balance and lower limb progressive resistance exercises [37] . There was no significant effect on activity (mobility as assessed by TUGT and four-minute walk test, balance as assessed by Berg balance scale). Another lowquality trial compared general seated exercises to a program of walking, balance and progressive resistance exercises [51] . There were statistically significant differences in favour of the comparison group for strength and most measures of activity (mobility as assessed by TUGT, balance as assessed by Berg balance scale, independence with activities of daily living as assessed by functional independence measure) ( Figure 3 ).
Dance-based therapy
A high-quality trial compared seated dance-based therapy to Tai Chi and yoga [43] . There was no significant effect on pain, activity or quality of life ( Figure 3 ).
Adverse events
Adverse events were not systematically reported. Of those that were reported, the majority related to muscle soreness and joint pain that restricted activity for at least two days. Three trials specified that there were no adverse events related to interventions [41, 42, 45] . In one trial, there was one report of back pain in the intervention group [40] , while another trial reported musculoskeletal pain in 22% of subjects in the seated exercise group, 12% in the alternate exercise group and 3% in the social activity group [46] . In one trial, muscle soreness and back pain limited exercise intensity, and overall, 15% of intervention group participants sustained musculoskeletal injuries versus 4% in the comparison group [39] . A fall occurred in the alternate exercise group in one trial, but no injury was sustained [43] .
Discussion
This systematic review found that compared to usual care or social activities, seated exercise for older adults had a positive effect on cognition. Meta-analyses did not demonstrate a positive effect on balance or activity as measured by the TUGT. In addition, analysis of individual trials demonstrated positive effects on strength, spinal flexion, activity as measured by the Barthel index, depression and quality of life. However, there were no positive effects when seated exercise was compared with alternate programs that included functional and weight-bearing exercises.
The findings of improved cognition with seated exercise are consistent with literature regarding the positive effect of physical activity on cognitive function in older adults with and without cognitive impairment [12] [13] [14] [15] [16] [17] . Improvement in cognition may be mediated by an increase in local grey matter volume and increased production of neurotrophic factor which aids neuroplasticity, and insulin-like growth factor which facilitates neurogenesis and angiogenesis [19, 52] . One systematic review reported improved cognition in older adults with mild cognitive impairment, but no effect was found in those with dementia [19] . Further, another systematic review [20] and recent randomised controlled trials [21] [22] [23] have demonstrated little or no effect of exercise on cognition in older adults with dementia. The participants in our meta-analysis were not limited to a diagnosis of dementia, and baseline cognition scores were generally higher than in these trials. It is possible that neurodegeneration may be reversed more easily by neuroplasticity in those with healthy cognition or mild cognitive impairment, and as such, exercise may be more beneficial for these cohorts or may occur over a shorter time period than in those with dementia. Fully powered trials conducted over a longer time period for people with dementia may be warranted. Also, the participants in our meta-analysis were frail: in at least two of the included trials, the participants were either wheelchair bound or scored low on baseline measures of activity. By contrast, the participants in the dementia trials [21] [22] [23] were capable of high-intensity functional exercise. It may be that exercise has a greater effect on those with lower baseline physical function.
Alternate exercise programs that included functional and weight-bearing exercise were more effective than seated exercise alone. This may be explained by the use of body weight to load muscles and the recruitment of functionally related muscle groups versus isolated muscle recruitment when exercising in weight-bearing positions. Lower limb muscles, in particular, are also more likely to be working at a biomechanical advantage in an upright position. Exercises that are not confined to sitting are easier to progress providing more opportunities to increase loads and to challenge balance and the cardiovascular system. Greater variety of exercises may also be more motivating for participants. In addition, exercises can be more functional when performed in upright positions. Based on the specificity of training principle, standing balance, for example, will not improve if exercises are restricted to sitting. These findings suggest that capable older adults should perform weight-bearing or functional exercise if deemed safe. Seated exercise alone should be restricted to those unable to exercise safely in upright positions.
Low-intensity seated exercise was shown to be of some benefit. When exercise was increased to moderate-high intensity, some outcomes improved while others showed no improvement. Dosage and specificity are important principles of exercise training [6] . There was a strong correlation between specificity and improvement in outcomes. For example, seated quadriceps training improved quadriceps strength but did not improve standing balance. However, increasing intensity did not seem significant. It may be that older adults with a health condition or impairment are more challenged at low intensity and are therefore still able to benefit from exercising at this level. Possibly, exercise intensity is not as important for frail, older adults compared to other population cohorts. This is supported in a review comparing high-intensity exercise with other intensities: relatively healthy, older adults improved more with high-intensity exercise, but there was no difference when frail, older adults exercised at low versus high intensity. Those with the lowest scores at baseline improved the most, regardless of exercise intensity [53] [54] [55] .
Adverse events were more likely to occur when performing seated exercise of moderate-high intensity. This may be explained by the effect of exercising in a flexed, end range position of the spine which has been shown to increase spinal load and risk of injury [56] . Muscle soreness may also have resulted from exercising at a biomechanical disadvantage. The highest rate of adverse events occurred when participants exercised independently at moderatehigh intensity. The lack of constant supervision to monitor exercise quality may have been a contributing factor. In a previous non-controlled trial of seated high-intensity strength training by nonagenarians, exercises were performed under close supervision resulting in improved strength without the occurrence of adverse events [57] . Joint pain and muscle soreness limited progression of seated exercises to a higher intensity versus the comparison group where increased loading was performed in functional positions. This, in turn, may have reduced the relative effectiveness of the program.
The results of this review can be used to inform clinical practice. Functional and weight-bearing exercises should be incorporated into programs where safe and possible to do. They are more likely to improve mobility and function, can be more varied, are easier to progress than seated exercises and are associated with reduced risk of adverse events. Seated exercise should not be viewed as diversional therapy; rather, it likely has cognitive benefits and may have some effect on strength, activity, depression and quality of life for those who cannot exercise in upright positions. Seated exercise programs associated with improvements were supervised, of low intensity and were typically performed at least three times per week for a minimum of 12 weeks.
This review was prepared with reference to the PRISMA guidelines. A systematic search strategy was used; all trials were assessed independently for quality and completeness of reporting; and the GRADE approach was used to determine the quality of the meta-analyses when interpreting results. Further, the more conservative random effects model for meta-analysis was used and sensitivity analysis conducted where indicated. The majority of trials in this systematic review were of high methodological quality; however, there were some limitations. The evidence was downgraded for all meta-analyses. All trials lacked blinding of participants and therapists. This is associated with a high risk of performance and detection bias, a common problem in non-pharmacological trials [58, 59] . In seven of 14 trials, the sample size was less than 50. Small sample sizes lead to low statistical power which can result in over and underestimates of effect sizes and low reproducibility of results [60] .
Conclusion
For older adults living with a health condition or impairment, seated exercise positively impacts cognition. Compared to programs incorporating functional and weightbearing exercises, seated exercise has no positive effect but may benefit those unable to exercise in upright positions.
The findings of this review should be viewed with caution due to the low quality of the evidence. Completion of a fully powered trial is indicated to confirm the results and provide greater certainty for clinicians.
